Regional StudieS, Regional Science investments, changes to planning (e.g., greenbelt) restrictions, and area-based urban renewal policies ( Jones & Dunse, 2005; Jun & Kim, 2017; Lai et al., 2007; McConnell & Walls, 2005, respectively) .
The temporal impacts of these sorts of public policy interventions are harder to capture within a hedonic framework. To address this weakness, researchers have borrowed from the 'event studies' literature typically used to assess the impact of natural disasters such as earthquakes and floods ( Jud & Winkler, 2006) . In events studies, hedonic equations are estimated before and after the event with the models tested for parameter stability and, where changes have occurred, the parameters are scrutinized to reveal the extent of the impact of the event. As a variant on this pure approach others, as reviewed in Boyle and Kiel (2001) , have sought to capture change over time by including time dummies in their hedonic equations. More recently, some researchers have begun using formal panel regression techniques to examine data that span significant events (Meldrum, 2016) .
Despite increasing methodological innovation in the field, the use of hedonic methods for these purposes has been subject to two sustained criticisms. First, the spatial impacts detected tend to lack granularity and often generate estimates that are characterized by steep cliff-edge effects between contiguous areal units (Keskin et al., 2017) . Second, as this method of exploring temporal change is very data intensive, most studies tend to cover relatively short time periods and consequently tell us very little about the extent to which changes might be systematized over the long term rather than being evidence of short-term deviations from market equilibrium (Case, Colwell, Leishman, & Watkins, 2006) . This paper seeks to promote the use of a hybrid hedonic/repeat-sales approach (hereafter the 'hybrid' approach) as an alternative method for exploring the spatial and temporal impacts of natural disasters, environmental events and/or policy interventions. The hybrid approach has its roots in the extensive real-estate price index literature where researchers have sought to develop rigorous measures of house prices that control for the variation in dwelling characteristics and quality within the stock of properties transacted in different time periods and in different parts of the market. As discussed above, hedonic methods offer one approach to the development of 'constant quality' house price indices by decomposing the real-estate values into their component parts as a prior step to computing the value of a hypothetical, standard dwelling. Elsewhere, repeat-sales methods are also widely advocated as a robust and reliable alternative to hedonic indices (Costello & Watkins, 2002) . The repeat-sales method controls for differences between dwelling types by tracking individual properties as they are sold and resold over a long period of time. The repeatsales approach acknowledges that the growth in prices will be uneven over time and that averaging growth between sales dates would be misleading. What the regression model does, through the inclusion of a complex set of dummy variables to indicate sales dates, is reveal via the coefficients what the annual average growth rate has been for the price of a hypothetical standard dwelling. In short, the repeat-sales regression equation reveals the average level of appreciation in prices for each of the time periods covered (see Leishman & Watkins, 2002 , for an accessible illustration).
The hybrid approach starts with the standard repeat-sales framework and augments it by adding 'hedonic' characteristics. This augmented framework allows us to explore the impact of policy interventions over space and time. To illustrate the use of the method, the paper presents an analysis of the impact of a historic urban regeneration policy, known as New Life in Urban Scotland (Scottish Office, 1988) . The study period starts before the introduction of the policy initiative and covers a further period post-intervention, stopping at the point when further changes to the policy landscape and market conditions are likely to have begun to have unmeasured impacts on the model results. In this illustration, although it is possible to extend the framework to capture a wider variety of attributes, we simply augment the repeat sales by adding locational attributes to ensure that spatial difference is captured in a granular manner. Even this relatively restricted form of the model used as a simple illustrative device here allows us to estimate both the way in which an area-based policy has had spillover effects on house prices in different parts of the study area and how the prices impacts have changed over time.
Regional StudieS, Regional Science
The paper is organized as follows. The next section sketches out the model framework and reviews the way it has been applied in other contexts. The third section describes the policy case study used to exemplify the approach. This includes a brief discussion of the market and policy context within the study area, Castlemilk, a deprived neighbourhood in Glasgow. The fourth section outlines the model results and discusses their interpretation. The results presented are based on four variants on the basic repeat-sales model and they illustrate some of the different ways in which spatial variations in price impacts can be modelled within the framework. The final section offers some brief conclusions about the utility of the method and sets out some challenges for future research.
THE DERIVATION OF THE MODELLING FRAMEWORK
As noted above, the modelling approach adopted in this paper is a based on a hybrid house price index method that combines a repeat-sales model with hedonic real-estate attributes. This modelling approach was established in a paper that analysed the impact of environmental contamination on house prices (Case et al., 2006) and has been subsequently applied to assess the impact of flooding and open space preservation on real-estate markets (Cutter, Fernandez, & Scott, n.d.; Lamond, Proverbs, & Hammond, 2010) . The model has its intellectual antecedents in the literature on hybrid real-estate price indices developed over three decades from the early 1980s (Case, Pollakowski, & Wachter, 1991; Case & Quigley, 1991; Englund, Quigley, & Redfearn, 1999; Hill, Carter, Knight, & Sirmans, 1997; Meese & Wallace, 1997; Palmquist, 1982; Quigley, 1995) .
The features of the model are best understood by considering the underlying relationship between hedonic methods and repeat-sales approaches. Specifically, as Case et al. (2006) explain, the repeat-sales model can actually be derived from the hedonic approach. To appreciate this, and using Case et al.'s notation (also employed by Cutter et al., n.d.) , we should start by describing a hedonic model in the following terms:
where P i = the price of property i , . This model, as standard, allows the analyst to compute the implicit price of physical and locational features of the dwelling and, in doing so, isolate the impact of external influences, such as environmental externalities or, of more relevance here, the impact of policy change. The 'before and after' event differences are detected by the inclusion of time dummies in the equation. In order to estimate the model, of course, one of the set of time dummy variables (say, ) is omitted from the estimated regression.
(a) 
, and t i = the year of sale of the i th property.
Typically, when deriving repeat-sales models, the focus of the researcher has been on meeting the challenges associated with the accurate measurement of price change. Repeat-sales methods are often used when the attribute data required for hedonic analysis are lacking, but data on the value of transactions are extensive. There are two important underlying assumptions to repeat-sales analysis. First, there is an assumption that attributes of individual dwellings remain constant over time and, second, the parameters (or implicit prices) of the attributes also remain unchanged. Thus, if we revisit Case et al.'s hedonic set out above, we are dealing with a dwelling that sells twice, once at year t and once at an earlier year , where the tilde denotes the earlier magnitudes of this and the other variables, and the i subscript denotes the sale pair. The ratio of the two predicted prices is:
Equation (b) describes the standard repeat-sales model where the dependent variable is the ratio of prices; the attributes and the implicit prices of the attributes are omitted as they stay constant and cancel each other out; and the time variables in brackets on the right-hand side of the equation take on the value -1 if the first sale occurs during within the period, 1 if the second sale occurs during that period, and 0 if no sale occurs during that period. The dummy variable is no longer dichotomous. In practice, the model tends to be estimated by taking the natural logarithm of both sides, using ordinary least squares.
Both the hedonic and repeat-sales approaches have well-documented limitations. For instance, hedonic models are undermined by identification problems, difficulties in model specification and the challenge of identifying appropriate market boundaries (Malpezzi, 2002) . As noted in the introduction, in the specific context of assessing the impact of 'events', such as natural disasters or policy interventions, the hedonic method is poorly equipped to explore the persistence of effects over time, especially where the effects are compounded by changes in house types or market conditions.
There are also several problems associated with use of repeat sales. There is, for example, evidence that repeat sales understate prices because of ageing and depreciation, due to the overrepresentation of more frequently traded starter homes, and as a result of the presence of substandard properties Clapp & Giacotto, 1992; Clapp, Giacotto, & Tirtiroglu, 1991; Mark & Goldberg, 1984) . They also fail to capture the effects of the modification of dwellings, such as house extensions (Case et al., 2006) . Conversely, others have found evidence that house price inflation can be overstated by repeat-sales models as a result of the large presence of short-hold properties (Costello, 2002; Steele & Goy, 1997) .
Significantly, while hedonic methods capture changing values of parameters, repeat sales are unable to do so. The hybrid method, however, extends the repeat-sales framework in order to introduce this capability. In principle, it should allow repeat-sales models to take account of dwelling modifications providing some attribute measures are available. This can be shown formally by revisiting the model in Equation (b). As illustrated below, where an attribute changes between the sale dates, then the attribute is no longer cancelled out. Thus, this requires that we combine elements of hedonic analysis and repeat-sales analysis into a hybrid model:
In this formulation, attribute terms are only dropped for the dwelling characteristics that do not change between the sales. A logarithmic transformation yields the traditional repeat-sale analysis plus either the log of the ratio of the attributes (the Xs in the equation) or the difference in the dwelling characteristics (the Ys), for just the attribute measures that change. Case et al. (2006) manipulate the formulation further to show the model where parameters change, rather than attributes, and where both parameters and attributes change. Crucially, this means that analysts can use this framework in numerous different ways. The repeat-sales model can, in theory, be augmented by whatever hedonic parameters prior knowledge or the research puzzle being addressed would lead us to expect to change through time. Thus, at the most sophisticated level, the model both allows the analyst to capture the fixed effect of a hedonic attribute during the study period and, when interacted with space and time, the variation in impacts on different neighbourhoods and in different periods. The attribute specific effects are separate to the general market trend effects.
This first-principles outline of the measurement framework thus provides a basis for the development of an operational model that has been applied to the assessment of the impacts of different market shocks. In the earliest application, Case et al. (2006) sought to examine the impact of Trichloroethylene (TCE) groundwater contamination on real-estate values in Scottsdale, Arizona. The empirical analysis drew on 22,092 repeat sales observed in the study area between 1982 and 1998. They developed several variants on the hybrid model set out above with the most significant of these, the variant that included dynamic data on contamination and took account of geographical location. The model captured the impact of the timing of contamination treatment as well as the effects of the initial event. The results show, unsurprisingly, that the price impacts were greater within the contaminated area than other market segments. Importantly, however, they illustrate that there were some fine-grained distance-decay effects. They also showed that it took more than six years after remediation treatment in 1991 for nominal prices in the most negatively impacted submarket to return to the levels of the early 1980s. Prices in that area, however, had still not quite closed the gap on values in unaffected neighbourhoods that had been comparable in price terms prior to contamination. Lamond et al. (2010) adapted this approach to explore the impact of severe flooding during autumn 2000 on house prices in 13 locations in the UK. They used repeat-sales data from HM Land Registry from the period between the flood date and December 2006 in their analysis and estimated combined (i.e., based on pooled data from different localities) and location-specific models. They showed that the impact of flood events tended to be temporary and that the effects were highly variable between locations. The research also showed that being located in a designated flood-risk area had no significant impact on value.
In a more recent application, Cutter et al. (n.d.) use the hybrid approach to explore the impacts of the use of a policy to preserve open space for habitat preservation in Riverside, south California. The study draws on 125,424 repeat sales during the 16-year period between 1988 and 2014. In the model, the researchers treat open space habitat designation as being analogous to Case et al.'s contamination remediation treatment. The results show that policy designation has a strong and significant impact on prices and that these impacts vary considerably with distance from the designated area. However, they note, as with the example presented in the next section, that they are unable to disentangle the capitalization effect from a more general time trend in the market and they are unable to isolate unambiguously the preservation policy effects from the influence of other changes to the information set used by buyers and from other policy effects. The lessons from these studies inform the development of and reflections on the model used here.
DATA AND STUDY AREA

Case study
Although this paper seeks to make a methodological rather than substantive policy analysis contribution, we offer, as an exemplar, the selected results of our analysis of the impacts of a historic area-based urban regeneration policy from the UK.
The case study is intended to have some merit in its own right. First, the policy design had been informed by, and is set in the context of, a long history of urban policy experiments in Scotland, dating from and including the Glasgow East Area Renewal initiative established under the Urban Programme in the 1960s (Atkinson & Moon, 1994) . As such, the lessons about the wider impacts of area-based policies should be generalizable to some degree. Second, the policy intervention was initiated during a period where property development had, in the UK and elsewhere, come to be viewed as a critical component of local economic development and urban renewal strategies (Healey, Davoudi, O'Toole, Tavsanoglu, & Usher, 1992; Imrie & Thomas, 1993; Rosenburg & Watkins, 1999; Turok, 1992) . In that context, property market impacts that contributed to the establishment of sustainable markets were quite explicitly seen as desirable outcomes ( Jones & Watkins, 1996) . Third, although there has been considerable investment in comprehensive urban policy evaluation (e.g., DETR, 2000; Imrie & Thomas, 1999; Robson et al., 1994; Tyler, Rhodes, Lawless, & Dabinett, 2001) and despite the foregoing comment, this body of work has been criticized for paying insufficient attention to the property market impacts of policy beyond the numbers of new homes developed (Adair et al., 2005) .
Against this backdrop, the specifics of the analysis presented here focuses on the Castlemilk Scottish Urban Partnership area in Glasgow. The initiative was established with publication of New Life for Urban Scotland (1988) , which launched four Scottish Urban Partnerships in Castlemilk (Glasgow), Wester Hailes (Edinburgh), Ferguslie Park (Paisley) and Whitfield (Dundee) (Scottish Office, 1988) .
Castlemilk is located to the south-east of Glasgow city centre on the periphery of the city. Its population halved from around 37,000 in 1971 through to 1988, by which time it was characterized by low income levels, high unemployment, low skills and educational attainment. The neighbourhood also suffered from a poor-quality housing stock and few local amenities (see Carley, 1990; and McCrone, 1991 , for background information). In 1988, there were only 69 owner-occupied homes in the area (Castlemilk Partnership, 1999) . By the time an interim evaluation of the New Life initiative was published in 1995, there was evidence that the process of tenure diversification had begun, assisted by the development of new stock and by sales under the right to buy (a policy that allowed local-authority renters to buy their homes at a discount), and major improvements in the housing stock had been achieved (O'Toole, Snape, & Stewart, 1995) . Over £110 million had been spent on new and existing social housing stock, and a further £20 million investment had been secured from the private sector (including a one-third subsidy) for new homes. At that stage, there was evidence of a fragile owner-occupied market becoming established. Importantly, in 1994, central government revealed plans for a new six-year housing investment programme. In terms of creating a new sustainable market, 1995 was to prove the key date for Castlemilk in that the policy commitments made then acted as an important signal to the market that there would be ongoing investment in the neighbourhood.
Given extensive evidence that policy decisions can alter the performance of a number of market segments and that changes in neighbourhood submarkets can be transmitted over space ( Jones, Leishman, & Watkins, 2003) , the empirical work reported here also examines the housing performance of neighbouring areas. As such, the area studied extends beyond the boundaries of the Castlemilk Partnership and also encompasses the neighbouring Kings Park and Croftfoot areas of Glasgow. This study area is almost exactly matched to the G44 and G45 postcode areas Regional StudieS, Regional Science (shown in blue and red respectively in Figure 1 ). The boundaries of G45 are coterminous with the partnership area boundaries.
Data
We use data provided by the Land Value Information Unit (LVIU) based at the University of West of Scotland. The LVIU curates an electronic database of property transactions in Scotland that includes details such as postal address, transaction price and date, and buyer and seller details. Each transaction record has a unique property-specific code permitting instances of repeat sales to be easily identified.
The subset of the LVIU dataset used to estimate the models discussed here includes 4070 paired repeat-sale transactions over 1988-99. There were 111 repeat-sale transactions in the partnership area. As a result, the dataset is clearly, in quantitative terms, dominated by transactions in the established owner-occupied markets in the immediate neighbouring areas of Kings Park and Croftfoot. Preliminary analysis of the transactions data suggests north/south and east/west price gradients exist, with prices rising to the north of Kings Park (away from the partnership area) and falling to the east as the relatively high price area, Kings Park, gives way to Croftfoot.
Towards an operational model that detects policy impacts
Following the formulation presented above in Equation (c), we derive a number of operational models that begin to unpick the impact of the introduction of an area-based urban regeneration initiative on local housing values. The first model, estimated to give a baseline against which to compare other specifications, is a traditional repeat-sale equation:
We assume that there is an error term of the usual sort in this and all the other models estimated below. Operationally, the repeat-sales hedonic model is estimated using the natural log of the price relative (the subsequent observed price divided by the prior), and the explanatory variables are time dummies coded -1 for prior sale dates, 1 for subsequent sale dates and 0 otherwise. After estimation, the chronologically ordered coefficients represent the log of the cumulative Figure 1 . the study area and its context within glasgow.
Regional StudieS, Regional Science price index. This is important in relation to our derivation of subsequent models because, having gathered market-wide price trends into the time dummy variables, we can isolate specific effects arising from, in this case, the influence of the regeneration policy. Model 2 is a simple hybrid where a single hedonic variable is included. This is a 'policy on' variable, and is denoted 'REG' below. This variable, which is the focus of this worked example, is the product of two dummy variables: whether or not the property is located in the area designated as part of the Castlemilk Partnership (see below for further details), and whether or not the second sale occurs after policy intervention in the area. Thus, the REG variable is designed to capture the direct impact of the regeneration expenditure on house prices:
where In other words, the hedonic variable in model 2 is a dummy that equals 1 if the sales pair is located in the area covered by the urban regeneration policy initiative and the sales pair straddles the date of intervention (i.e., one occurs before and one after). In this instance, as noted above, the key date was 1995. Although the policy initiative was introduced in 1988 and signals the arrival of the first open-market transactions in the area, we have argued that the announcement of the continuation of public sector intervention in 1995 is the most significant policy action in terms of potential market impact. The decision to use 1995 was influenced by the work of Adair et al. (2005) , who demonstrate that continued public sector intervention is important in fragile markets and, in line with Jones and Watkins (1996) , is required to establish the conditions for a self-sustaining owner-occupied market. Thus, crucially, it is our contention, to be tested, that it is this date that represents the point at which public sector commitment to continuing regeneration would begin to feed through to the market, private housing market activity having already been established by the initial phase of funding in 1988 (O'Toole et al., 1995) . Thus, model 2 permits the estimated coefficient on the regeneration dummy variable to indicate whether there has been any post-policy intervention, perhaps more accurately a post-policy continuation announcement, effect on house prices in the designated partnership area.
Model 3 extends the framework by incorporating a time trend that is interacted with the regeneration variable. This allows us to investigate whether the effect dissipates through time or whether, as might be expected, there are cumulative benefits from regeneration policies: 
Model 4 combines 'policy on', the linear time trend, and a distance-decay function used. In effect, this means that we are no longer concerned simply with the housing market effects within the partnership area, but we also seek to explore the potential spillover effects in nearby neighbourhoods. As noted above, the dataset is dominated quantitatively by transactions in the neighbouring Kings Park area of south-west Glasgow. Hence, model 4 is as follows:
where Model 4 is of particular interest in a policy evaluation context since it permits the estimation of the potential spillover effects beyond the targeted area. Intuitively, our expectation is that the effects of regeneration expenditure will diminish with distance, but that there will be a positive impact on house prices in neighbouring areas. The partnership area has an identifiable central point where there is co-location of a local shopping centre, post office, local authority office and leisure facilities. The locational impacts are captured using a straight-line distance measured from this point. Given that we know from other studies that distance-decay functions are rarely linear, we assume an inverse-square relationship. The appropriate form could be an area for further empirical experimentation and future refinement (Case et al., 2006) . Table 1 reports the results of the standard repeat-sales regression estimation, as described in specification (1). Data are available from 1985, although a time dummy is not entered for 1985 and, as with standard practice, the relevant coefficient is assumed to be 0. Model 2 includes the policy dummy variable describing partnership area transaction pairs in which one transaction occurs before the key policy intervention date, and the other occurs after. T i = difference in time between second sale and policy on(second sale year − 1995) The data used in this study do not encompass sufficiently detailed information to identify minor refurbishment work. However, following Goetzmann and Spiegel (1995) , we define the intercept term as the normal (or average) price appreciation following minor improvements or a modest positive market shock. The policy variable is statistically significant and positively signed suggesting that 1995 marks an improvement in housing market performance in the partnership area.
RESULTS
As an experiment, we also defined the policy variable using 1990, 1991, 1992, 1993 and 1994 as the policy intervention dates, but none of these variables was found to be statistically significant. As a further check on the robustness of these results, we re-estimated the model using Stata's xtmixed (multilevel) estimator, defining the higher level as the postcode sector. The transactions belong to 57 postcode sectors across the study area overall. The full results of this estimation are not reported here, but a coefficient of 0.381 and z-statistic of 5.80 were obtained with this estimation. This indicates that the statistically significant coefficient reported in Table 2 is robust with respect to the possible issue of bias arising from policy effects having an influence at both the level of the individual dwelling and the study area overall. Table 3 sets out the results for the third variant of the model. This equation includes a linear time trend and the specification therefore assumes that the benefits of regeneration policy have a cumulative effect. The new policy/time-trend variable is statistically significant, while the coefficient suggests that house prices in the partnership area grew at a rate of around 15% per annum over and above the growth witnessed elsewhere in the study area. The estimated intercept is 0.164, which suggests that unobserved physical improvements between repeat sales of individual dwellings accounts for an increase in value of approximately 16%. This is likely to reflect the tendency for improvements to occur in stock transferred from the local authority to private ownership (Pawson & Watkins, 1998) . There is also undoubtedly a gentrification effect, where prices are being driven up by changes in perception about the neighbourhood and by the investment in the local physical environment. As might be expected, the coefficients appear more plausible than those shown in Table 2 (which suggest that prices increased at the flat rate of more than 53% following 1995).
Tables 4a and 4b set out the results of the model 4 estimation. In keeping with the previous analyses, the specification of model 4 above describes 1995 as the 'policy on' date. However, since the model is designed to test for spillover effects on neighbouring Kings Park and Croftfoot rather than just the effects within the partnership area itself, we have a choice of two policy dates: 1988 and 1995. The model is estimated using both alternatives.
The results shown in Table 4a suggest that there were no significant spillover effects resulting from the partnership area status of Castlemilk in 1988. However, it should be noted that the distance-decay parameter of 2 used in the construction of the composite policy/proximity/timetrend variable could be replaced by alternative transformation functions, some of which might Table 4b , by contrast, identify a statistically significant, though weak, spillover effect resulting from the 1995 policy measures. The magnitude of the coefficient on the composite spillover effect variable implies a gradual shift in the house price gradient beginning in 1995. Specifically, the house-price growth rate begins to increase by 14% per annum at a distance of 1 kilometre from the centre of the partnership area relative to house prices elsewhere in the study area.
Overview of the results
The findings based on the model estimations offer some promising signs. The significance of the policy dummy variable suggests that the 1995 measures are associated with a step change in private housing investment performance after the announcement of continued public sector commitment to area renewal. This may be suggestive of evidence of the reduction in the 'stigma' effect attached to problem estates (Dean & Hastings, 2000) . Meanwhile, the policy dummy/time-trend interaction variable allow us to estimate the cumulative or annual effect as approximately 15%.
Model 4 provides some preliminary insights with respect to the issue of spillover effects. The 1988 policy measures seem not to be associated with spillover effects (i.e., taking the Kings Park, Croftfoot and Castlemilk areas as a whole), suggesting that the early interventions had little impact beyond the target area. The analysis reveals that the spatial structure of the house price gradient does not shift until much later. Significantly, there is clear evidence of a shift after the 1995 announcement of further policy measures. The spillover effect model requires further development, but the preliminary results suggest that the spillover effect (1) increases cumulatively over time and (2) is more pronounced further away from the partnership area. The latter suggestion is interesting as well as intuitively appealingit suggests that the relatively higher priced parts of the area slightly further from Castlemilk responded more strongly than the relatively low priced parts of the area nearby Castlemilk. The distributional impact of these benefits has potentially interesting implications for debates about the winners and losers from public sector investment and are potentially relevant to discussions about local tax policies. 
CONCLUSIONS
In recent years, the UK government has commissioned several large-scale evaluations of its urban regeneration programme. Although these evaluations have sought to consider the impact of regeneration activity on a range of economic and social indicators, the analysis of the effects on property values has been perfunctory. Typically, the property element of the studies has been restricted to a simple count of new homes or new development. Given that the rationale for many regeneration initiatives is to improve 'investability' (Begg, 2002) and to revive failing property markets, the failure to explore the change in property values is striking. The research reported in this paper sought to address this gap. Using a hybrid hedonic and repeat-sales model, the empirical research examined the impact of the introduction of the New Life for Urban Scotland urban regeneration initiative on house prices in Castlemilk, the focus for the policy initiative, and neighbouring parts of the Glasgow housing market. The analysis is based on an examination of housing transactions drawn from between 1985 and 1999, a period covering sales occurring before, during and after the injection of regeneration funding.
Although this paper analyses the substantive impacts of urban policy interventions on house prices, we contend that the methodological implications are arguably more important than the results of the analysis. The paper has sought to demonstrate successfully the usefulness of hybrid hedonic and repeat-sale models as a means of assessing policy impacts. The most important element of the methodology used here is that it brings location variables into repeat-sale models and offers a way of capturing spatial effects. This is particularly significant in the presence of urban revitalization polices where the parameters on location variables can change profoundly over time. It can also be used to assess the myriad of different events that transform the spatial house price surface. Although we have not done so here, and it does limit the reliability of the substantive policy findings, the method can also be adapted via the inclusion of dwelling attributes to control for physical modifications to the house price stock.
Importantly, the framework also allows analysts to measure the temporal effects of exogenous shocks to the housing system. In our example, we have been able to show that urban renewal policies have cumulative impacts on house prices and that the most significant effects only emerge over a longer time period. The framework has been used to illustrate the absence of systemic effects of flooding and to model the dynamic increase and subsequent dissipation of the effects of environmental contamination. There are many more potential public policy impacts that could be evaluated using this approach.
Despite the intuitive simplicity of the framework and what we hope is evidence of its potential utility, given the increasing availability of high-quality micro-datasets, there are some challenges for the research community. The example used in this paper is limited in several ways. First, given data limitations, our model might be seen as repeat sales plus rather a more extensive hybrid of the sort developed by Englund et al. (1999) . There would be some real benefits to be had in terms of improving explanatory power and the robustness of the coefficients from the development and testing of models that have more fully specified hedonic features. On a related point, better data will also allow researchers to address some of the technical challenges presented by spatial heteroskedasticity and spatial autocorrelation.In conclusion, we would encourage researchers to pause before adding to the vast hedonic house-price literature and instead to consider contributing to the development of a body of applied research that uses hybrid index methods to detect the impact of public policy interventions and market shocks.
